We describe an High-grade B-cell lymphoma case, in which a complex translocation t(3;8;14) with effects on the genes BCL6, MYC, and IGH, was detected. This case could be the first double-hit lymphoma with a single chromosome rearrangement causing the double effect with three genes involved.
| INTRODUCTION
The World Health Organization (WHO) updated Classification of tumors of Haematopoietic and Lymphoid Tissues (2016) introduced a new subset of mature B-cell neoplasms, Highgrade B-cell lymphoma (HGBL) with MYC and BCL2 and/ or BCL6 rearrangements.
This new subtype is now commonly referred to as doublehit lymphoma (DHL) or Triple-Hit Lymphoma (THL).
1 DHL and THL are associated with an aggressive clinical course and resistance to conventional chemotherapy regimens. The main genetic feature is the occurrence of a translocation involving MYC (8q24) together with rearrangements involving BCL2 (18q21) and/or BCL6 (3q27) genes. The involvement of BCL6 is less frequent compared to BCL2 (10% and 73%, respectively). 2 It has been hypothesized that this different rate can be due to either MYC + /BCL6 + DHL being less frequent or because of an underestimation of BCL6 rearrangements as recorded in the Mitelman's database. 3 Indeed BCL6 breakpoints are located in the subtelomeric region of the long arm of chromosome 3 and may be missed by standard chromosomes analysis. 4 Another hallmark of DHL is the greater degree of cytogenetic complexity compared to Burkitt lymphoma (BL) with which it often shares morphologic features. Here, we report a patient presenting with clinical conditions suggesting acute leukemia, then concluded as a case of DHL associated with a three-way chromosomal translocation t(3;8;14)(q27;q24;q32) involving BCL6, MYC, and IGH genes, respectively, confirmed by fluorescence in situ hybridization (FISH) performed on metaphase cells. Bone marrow biopsy showed hypercellularity (90%) with complete replacement by diffuse, massive infiltrate (>90% of cell population), consisting of medium/large size monotonous lymphocytic cells with blastic appearance, scant cytoplasm, inconspicuous nucleoli, and many mitotic Figures (Figure 1B-C (Figure 2A) .
MYC and IGH status were at first investigated using Break apart FISH probe. MYC rearrangement was observed in 30/100 interphase nuclei and FISH analysis on DAPI counterstained metaphases showed one yellow fusion signal (1Y) on normal chromosome 8, one red signal (1R) on derivative chromosome 8 and one green signal (1G) on derivative chromosome 14 ( Figure 2B ). IGH rearrangement was observed in 24/100 nuclei and on metaphases we found that 1G, corresponding to the 5'IGH end, localized on the telomeric region of the long arm of a chromosome 3 ( Figure 2C ). So we tested the BCL6 Break Apart probe to confirm the gene's involvement: rearrangement was observed in 24/100 nuclei and on metaphases we observed 1G, corresponding to the 5'BCL6 end, localized on the derivative chromosome 8 ( Figure 2D ). Therefore, the two "hits" MYC and BCL6 were not independent events but joined the same single mechanism itself, more exactly a translocation involving three chromosomes t(3;8;14)(q27;q24;q32). We also performed FISH probes to characterize additional chromosome anomalies observed in the karyotype: we confirmed a duplication of 1q25 including the ABL2 gene and an interstitial deletion in 13q14, which is supposed to be duplicated at a later time ( Figure   2E-F) . FISH results allowed to better define the karyotype as follows: 47,XX,dup(1)(q25q32),?del(8)(q24),+13,del(13) (q13q21)x2,add (14)(q3?1)[cp11]/46,XX [15] .ish dup(1) (q25q32)(MEGF6+,ABL2++),t(3;8;14)(q27;q24; involvement in addition to BCL2 and/or BCL6 rearrangements. 9 These multiple-hit lymphomas are associated with a very aggressive clinical course and resistance to conventional chemotherapy. [10] [11] [12] Because of their biological, genetic and clinical features, DHL and THL are listed together as a specific category in the 2016 update of WHO classification. 1 This revision highlights the clinical relevance of the characterization of molecular features of these disorders, therefore a specific genetic classification is always required. In this report, we describe a patient presenting seemingly as acute leukemia at first, then revealed as a DHL associated with an uncommon rearrangement, a three-way chromosomal translocation t(3;8;14)(q27;q24;q32) involving BCL6, MYC, and IGH genes respectively. Focusing on patient's features, our case resembles the one recently described by Minakata et al. 13 Both cases show a DHL with three-way chromosome rearrangement sharing the involvement of MYC and IGH genes, but the third gene involved is BCL2 in Minakata's case and BCL6 in ours. Since Minakata et al had performed FISH analysis with locus-specific probes on interphase nuclei solely, they could only speculate about the molecular rearrangement underlying the FISH results they had observed. We performed FISH both on interphase nuclei and metaphases obtained from BM cultures: this allowed detecting the presence of a translocation including chromosomes 3, 8 and 14. Finally we have the chromosome-based FISH evidence that MYC and BCL6 are involved together in a sole but three-way chromosomal translocation. To the best of our knowledge this is the first reported MYC + /BCL6 + DHL case where both hits are involved in a single complex rearrangement. Double-hit lymphoma is well described in literature but reported cases with complex rearrangements are few, although the records are increasing. [13] [14] [15] We believe that this lack of data is due to the method used for the analysis. Usually, MYC, BCL2 and BCL6 rearrangements are investigated by FISH performed on formalin-fixed paraffin-embedded lymph node tissue sections, due to disease's localization, using a locusspecific probe. This method is very useful to investigate gene's rearrangement directly on tissues processed for histopathological diagnostics, but the analysis is therefore performed on the interphase nuclei, thus it does not allow to identify either the partner of the rearrangement or the effective underlying mechanism, as on the contrary FISH on metaphases enables. Hence we suppose that the amount of multiple-way translocation in DHL could be underestimate because misunderstood as independent events. MYC + /BCL6 + DHL is aggressive in any case, whatever the molecular mechanism underlying is. It is well known that conventional chromosome analysis is often unsuitable to detect subtle rearrangements, mostly when they are part of a complex karyotype and the quality of the chromosomes is poor, as it is often observed in metaphases derived from BM cultures. Nevertheless, standard cytogenetic analysis should be carried out whenever possible, because it can disclose the presence of additional chromosome anomalies, not identified by FISH performed with locus-specific probes, that could involve important genes and consequently change the response to therapy.
